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Cross Reference to Related Applications 

[1] This application claims priority from U.S. Provisional Patent Application No. 
60/463,955 filed on April 18, 2003 and entitled "Systems and Methods for Ramping 
Power Amplifier Output Power," which is incorporated herein by reference in its 
entirety. 

Background of the Invention 

1. Field of the Invention 

[2] The present invention relates generally to power amplifier circuits, and more 
particularly, to methods and systems for controlling the output power of a power 
amplifier circuit. 

2. Description of the Related Art 

[3] Portable transmitting devices are becoming more and more common, led first 
by the popularity of cellular telephones and increasingly by wireless networking 
products such as under the "Bluetooth" and IEEE 802.11 type (802.11) specifications. 
Two requirements of these types of products is a small physical size and efficient, long 
term (e.g., multiple days') operation relying on only battery power source. Another 
important requirement is that they provide minimal interference with other, similar 
devices that may be nearby. 
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[4] Often these types of transmitters are used in very close proximity with each 
other and their corresponding receivers. By way of example, an 802.1 1 transceiver 
(receiver/transmitter combination) typically has a maximum range of up to about 100 
meters or more to a corresponding 802.11 transceiver. However, 802.11 transceivers 
can also be used in very close proximity such as with only one meter or two. 

[5] Devices that contain one or more of these types of transmitters must be very 
power efficient. The need is driven by the low cost, small size, light weight and 
minimal battery capacity requirements of such competitive portable devices (e.g., 
cellular telephones, personal digital assistants, headsets, etc.). 

[6] Examples of areas of power efficiency gains include adjusting the output power 
of the transmitters. By way of example, the output power of an 802.1 1 transmitter 
needs to be adjustable for the specific conditions of use (e.g., location, proximity to 
corresponding receiver). Ideally, the power output should be adjustable over a selected 
power range and with a selected resolution. Another aspect of the power efficiency 
gains that are possible in portable transmitters include minimizing the power 
consumption such as by ensuring the transmitter circuitry is as power efficient as 
possible. 

[7] Wireless communication devices inherently share frequency bands and 
typically several devices may be transmitting simultaneously on neighboring channels. 
The sharing of frequency bands drives the requirement that each transmitter not 
interfere with other transmitters such as minimizing the emitted energy outside the 
selected channel. An important source of unwanted emissions is an abrupt change in 
output power level. When the transmitted power output abruptly transitions either 
upward or downward, undesirable harmonics of the selected channel frequency can be 
emitted. The undesirable harmonics can interfere with other channels in the frequency 
band. By way of example, if a transmitter is abruptly turned off (or on), undesirable 
harmonics can be emitted. In view of the foregoing, there is a need for systems and 
methods of efficiently adjusting the power output of a portable transmitter in a manner 
that substantially minimizes emission of undesirable harmonics. 
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Summary of the Invention 

[8] Broadly speaking, the present invention fills these needs by providing a system 
and method of efficiently adjusting the power output of a portable transmitter in a 
manner that substantially minimizes emission of undesirable harmonics. It should be 
appreciated that the present invention can be implemented in numerous ways, 
including as a process, an apparatus, a system, computer readable media, or a device. 
Several inventive embodiments of the present invention are described below. 

[9] One embodiment provides a power amplifier circuit including a first transistor, 
a second transistor, a power control circuit and a power control circuit. The first 
transistor includes a first input and a first output. The second transistor includes a 
second input coupled in series with the first output of the first transistor. The input 
circuit is coupled to the first input of the first transistor. The power control circuit is 
coupled to the second input of the second transistor. The control circuit includes a 
time delay circuit and a variable source. 

[10] The variable source can include a digital input and a digital-to-analog 
converter. The variable source can include a variable current source. The time delay 
circuit can include at least one of a resistor and a capacitor. At least one of the resistor 
and the capacitor can be variable. 

[11] The power amplifier circuit can be included within a transmitter. The power 
amplifier circuit can be included within wireless data link transmitter. 

[12] Another embodiment provides a data link system that includes a first receiver a 
first transmitter. The first transmitter includes a power control circuit coupled to a 
power control input. The power control circuit includes a time delay circuit and a 
variable current source. 

[13] Another embodiment provides a power amplifier circuit. The power amplifier 
circuit includes a first transistor and a second transistor. The first transistor has a first 
input and a first output. The second transistor having a second input coupled in series 
with the first output of the first transistor. An input circuit can be coupled to the first 
input of the first transistor and a power control circuit can be coupled to the second 
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input of the second transistor. The power control circuit can include an RC time delay 
circuit and a variable current source including a digital input and a digital-to-analog 
converter. At least one of the resistor and the capacitor can be variable. 

[14] Yet another embodiment provides a method of controlling power output of an 
amplifier. The method includes receiving a control signal. A stepped power control 
signal is produced. The stepped power control signal can include multiple power 
control steps. Producing each one of the multiple steps can include producing a step 
voltage and applying a time delay to the step voltage. The stepped power control 
signal is applied to a power control input of the amplifier. 

[15] The control signal can be a digital control signal. The digital control signal can 
be input to a digital-to-analog converter to produce a corresponding analog control 
signal. The control signal determines a number of steps included in the multiple steps. 

[16] The method can also include varying at least one aspect of the time delay to 
modify the time delay. At least one of the multiple steps will cause the amplifier to 
produce a desired output power level. 

[17] An elapsed time from a first one of the steps to a second one of steps is less 
than a maximum ramp time, where the second step corresponds to a desired output 
power level of the amplifier. A many if not most of the harmonics are substantially 
eliminated at each one of the steps. 

[18] Other aspects and advantages of the invention will become apparent from the 
following detailed description, taken in conjunction with the accompanying drawings, 
illustrating by way of example the principles of the invention. 
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Brief Description of the Drawings 

[19] The present invention will be readily understood by the following detailed 
description in conjunction with the accompanying drawings. 

[20] Figure 1 shows a graph of an idealized power control result in accordance with 
one embodiment of the present invention. 

[21] Figure 2 shows a graph of an output power step, in accordance with one 
embodiment of the present invention. 

[22] Figure 3 describes a circuit for using bias to vary the amplifier, in accordance 
with one embodiment of the present invention. 

[23] Figure 4 is a schematic diagram of a PA circuit, in accordance with one 
embodiment of the present invention. 

[24] Figure 5 is a schematic of an amplifier circuit, in accordance with one 
embodiment of the present invention. 

[25] Figure 6A shows a quickly varying signal that is proportional to the first input 
signal in Figure 5, in accordance with one embodiment of the present invention. 

[26] Figure 6B shows the envelope that is controlled by the second input signal in 
Figure 5, in accordance with one embodiment of the present invention. 

[27] Figure 7 shows a wireless data link, in accordance with one embodiment of the 
present invention. 

[28] Figure 8 is a graph of a receive and transmit timing sequence, in accordance 
with one embodiment of the present invention. 

[29] Figure 9 is a graph of a PA output power pulse during a transmit time slot, in 
accordance with one embodiment of the present invention. 

[30] Figure 10 is a graphical representation of the input signals, in accordance with 
one embodiment of the present invention. 
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[31] Figure 1 1 is a schematic of a two transistor power amplifier circuit, in 
accordance with one embodiment of the present invention. 

[32] Figure 12 shows three ramp shapes, in accordance with one embodiment of the 
present invention. 

[33] Figure 13 shows a combination ramp signal, in accordance with one 
embodiment of present invention. 

[34] Figure 14 shows a transfer function curve of a selected transistor, in accordance 
with one embodiment of the present invention. 

[35] Figure 15 shows a schematic of the power control block, in accordance with 
one embodiment of the present invention. 

[36] Figure 16 is a graph of a control voltage curve output from the power control 
block, in accordance with one embodiment of the present invention. 
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Detailed Description of the Exemplary Embodiments 

[37] Several exemplary embodiments systems and methods of efficiently adjusting 
the power output of a portable transmitter in a manner that substantially minimizes 
emission of undesirable harmonics will now be described. It will be apparent to those 
skilled in the art that the present invention may be practiced without some or all of the 
specific details set forth herein. 

[38] One embodiment provides a system and method for adjusting an output power 
of a portable transmitter for the specific conditions of use (e.g., location, proximity to 
corresponding receiver). The power output can be adjustable over a selected power 
range and with a selected resolution. By way of example, if two transceivers are too 
close together, one transceiver can tell the other transceiver to reduce its power output 
for power equalization or even optimization over a given distance (i.e., proximity). 
The system and method for adjusting the output power can also be used on other types 
(i.e., non-portable transmitters) and can also minimize the interference with 
neighboring channels in the same frequency band. 

[39] The power adjustment system and method also is embodied in circuitry that is 
very power efficient. Figure 1 shows a graph 100 of an idealized power control result 
in accordance with one embodiment of the present invention. The output power signal 
101 and the control signal 102 are shown. The ideal output power graph 100 is linear 
and would therefore provide a linear selection of power output by a linear power 
control input. Unfortunately, such an ideal power control graph is difficult to attain. 

[40] Figure 2 shows a graph 200 of an output power step, in accordance with one 
embodiment of the present invention. The graph 200 shows the output power 
increasing in substantially uniform increments or steps. Such an output power graph 
200 would be very useful as a control input could select one of the well-defined steps 
in output power that matches a desired output power level. In this manner the desired 
output power could be easily selected. Varying the output of the transmitter power 
amplifier (PA), can allow the PA to generate just the power needed instead of 
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generating the maximum PA output power and then discarding the excess power at the 
antenna. 

[41] For a given amplifier circuit, there are many ways to control output power. 
One approach is to use an attenuator. When an attenuator is used, the amplifier is 
operated at a maximum output power (or at least a constant high output power level 
that is equal to or higher than a maximum desired output power). The maximum 
output power is passed through a controlled loss device or circuit (i.e., an attenuator) to 
produce the desired output power level, at somewhat less than maximum output power, 
at the antenna. Unfortunately the attenuated output power amplifier circuit consumes 
energy from the power supply at the same level necessary for maximum output and 
therefore is not very efficient use of a limited power source (e.g., a battery). An 
attenuated output power amplifier circuit also requires the additional attenuator circuit 
components that can be relatively expensive. 

[42] Another approach to control the output power is to vary the power that is 
supplied to the power amplifier (PA). A variable power supply can be used to provide 
biasing power to the PA. One disadvantage of a variable power supply is that the 
control range is relatively small. Further, many PA circuits are very inefficient if not 
biased at the optimum levels. By way of example, a linear amplifier is very difficult to 
operate in this manner. Yet another problem with using a variable power supply to 
control the output power is that the power supply cannot be quickly varied so as to 
increase and decrease the output power quickly. 

[43] Yet another approach is to vary the input signal that is being amplified. If the 
input signal to the PA is smaller, and the PA is a linear amplifier, then the resulting 
output is also smaller. Unfortunately, it is typically very difficult to accurately control 
the amplitude of the input signal. Further, varying the amplitude of the input signal is 
slow. Further still, the circuitry required to implement varying the amplitude of the 
input signal can consume a relatively large quantity of energy, especially at the higher 
power levels. As a result, much if not all of the power efficiency gains by the power 
amplifier are consumed by the circuitry required to implement varying the amplitude of 
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the input signal. Varying the amplitude of the input signal also provides a relatively 
narrow power control range. 

[44] Still another approach is to pull bias to vary the PA. A pull bias circuit is easier 
to implement, fast (timely), works with non-linear amplifiers, and is also power 
efficient. Figure 3 describes a circuit 300 for using bias to vary the amplifier, in 
accordance with one embodiment of the present invention. The PA 106 has multiple 
input nodes. The input signal 103 is applied to an input signal node of the PA 106. 
Power 104 from a power supply (not shown) is applied to a power node on the PA 106. 
The PA 106 also includes multiple bias nodes through which the bias power is 
supplied to the PA. The bias settings 105 on each of the bias nodes can be adjusted to 
control the power output of the PA 106. Control aspects of the bias settings 105 can be 
grouped together with control aspects of the power supply 104 to affect the PA output. 
This grouping can be referred to as "bias" for the foregoing description. By controlling 
both the bias settings and the power supply, the output power can be efficiently 
controlled. PA output flows to the antenna 107. 

[45] Figure 4 is a schematic diagram of a PA circuit 400, in accordance with one 
embodiment of the present invention. The most common RF power amplifier in 
CMOS technology is the single AC coupled transistor 402 with some DC circuit to set 
the gate voltage 108. The transistor source is 109 while the transistor drain is 1 10. 
Input signal 111 can be a relatively high-frequency signal. The PA bias 1 12 is set to a 
bias level that determines the class of operation of the transistor 402. The transistor 
402 amplifies the input signal 1 1 1 to create an output current that is proportional to the 
input signal. The output signal can be coupled to an "off chip" load 1 13. The load 1 13 
can include the antenna 115. The circuit 400 can also include some passive 
components on the circuit and the DC supply 1 14. The PA circuit 400 can maximize 
the amount of energy that goes out of the antenna 115 and minimize the amount of 
energy dissipated in the amplifier circuit. 

[46] Figure 5 is a schematic of an amplifier circuit 500, in accordance with one 
embodiment of the present invention. The amplifier circuit 500 is substantially similar 
to the amplifier circuit 400 except a second transistor 1 16 is connected in series, 
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between transistor 402 and the load. The second transistor 1 16 provides another node 
(i.e., the gate of the second transistor 1 16) into which variations can be added to the 
operations of the circuit 500. A second input signal 117 can be applied to the gate of 
the second transistor 116. The second input signal 117 can be relatively slowly 
varying signal. This second input signal 1 17 is referred to as the output power control 
signal. The output power control signal controls the envelope of RF energy between 
transistors (e.g., shaded ellipse 118). By way of example, Figure 6A shows a quickly 
varying signal that is proportional to the first input signal 1 1 1 in Figure 5, in 
accordance with one embodiment of the present invention. Figure 6B shows the 
envelope that is controlled by the second input signal 117 in Figure 5, in accordance 
with one embodiment of the present invention. 

[47] Figure 7 shows a wireless data link 700, in accordance with one embodiment of 
the present invention. The wireless data link 700 can be any type of wireless protocol 
(i.e., Bluetooth and 802.11 et seq.). The wireless data link 700 includes a serving 
transceiver 702 that connects to a point of service 704 (e.g., a network access provider, 
server). The wireless data link 700 also includes a client transceiver 706 that connects 
to a client 708. Both the serving transceiver 702 and the client transceiver 706 have 
respective antennas 710 and 712. The data signal 714 is transmitted between the 
antennas 710 and 712. 

[48] The transceivers 702 and 706 can support a simplex data transmission and 
receive session on a single channel (i.e., single frequency) from the band of channels 
that the transceivers 702 and 706 can use. The single channel is shared by the 
transceivers 702 and 706 by dividing the channel by time. Figure 8 is a graph of a 
receive and transmit timing sequence 800, in accordance with one embodiment of the 
present invention. An initial time slot 802 occurs between a starting time tO and a time 
tl when the receive time slot 804 begins. The receive time slot 804 ends at a time t2. 
An interim time slot 806 begins at time t2 and ends at time t3, when the transmit time 
slot 808 begins. The transmit time slot 808 ends at time t4, when a final time slot 
begins. The timing sequence 800 ends at a time t5. The timing sequence 800 is used 
by a first one of the transceivers 702 or 706 while a second timing sequence is used by 
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the second one of the transceivers. The second timing sequence has the receive and 
transmit time slots 804 and 808 swapped so that the first transceiver can will be in the 
receive time slot 804 while the second transceiver was in the transmit time slot 808. In 
this way the first transceiver can receive at the same time that the second transceiver is 
transmitting. 

[49] When the transceiver 702 starts transmitting, the PA output power must ramp 
to the maximum PA power output in as short of a time as possible. In a timing-ideal 
operation the ramp would be substantially vertical (i.e., a square wave) as shown in 
transmit time slot 808. However, as described above, the wireless networking systems 
must minimize interference with neighboring channels. When the PA output power is 
increased or decreased at a sharp transition (i.e., transition points 812A-812D), then 
unwanted harmonics of the transmitted frequency are also produced. By way of 
example, a 2.4 GHz transmit signal would generate unwanted harmonics at 2.4, 7.2, 
and 9.6 GHz among others. These harmonics can interfere with the input signal and 
other data link channels. The unwanted harmonics can be controlled by ramping the 
PA output power between the minimum and the maximum PA output power. 

[50] Figure 9 is a graph of a PA output power pulse 900 during a transmit time slot 
808, in accordance with one embodiment of the present invention. The envelope of the 
PA output power pulse 900 can be controlled by the second input signal 1 17 of Figure 
6 applied to the gate of the second transistor 1 16. The envelope can be used to control 
the shape of the PA output power pulse during the transmit time slot 808. By way of 
example, the envelope can be used to form the curved ramp 902 between time t3 and 
time £3.1. 

[51] The second input signal 1 17 of Figure 6 consumes no additional current 
because, in a MOS circuit, there is no current flowing into the gate of a MOS transistor 
(i.e., MOS transistor 116). Therefore an envelope signal can be input that rises and 
falls slowly. By way of example, from 0 to the supply voltage 1 in one microsecond 
(l|is). Even this relatively slow speed can be too fast to implement by the power 
supply voltage 1 14. However, the l|is speed can be relatively easy to implement on- 
chip at the second transistor 1 16 because that is a low-power circuit. 
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[52] Referring to Figures 7 and 9, the serving transceiver 702 will be transmitting 
the data to the client transceiver 706 during the transmit time slot 808. The data is 
modulated into the PA output power pulse 900. Coinciding with the transmit time slot 
808, the client transceiver 706 has a receive time slot. As a result, the ramp 902 should 
rise quickly enough (i.e., the time between t3 and t3.1 is short enough) so that the 
required PA output power is at the desired level and the resulting transmitted signal 
from the antenna is also at the desired level so that transceiver 706 can receive the data 
being transmitted during the receive time slot. 

[53] Both inputs 117, 112 can arise simultaneously and, essentially, get multiplied 
together. Therefore, the second input signal 1 17 can control the shape of the envelope 
of the PA output power. Figure 10 is a graphical representation of the input signals 
117, 112, in accordance with one embodiment of the present invention. The time base 
of the two input signals 117, 112 are different. The first input signal 112 has a time 
base of, for example, less than about one nanosecond (i.e., a frequency of 1 GHz) and 
the second input signal 117 has a time base of, for example, less than about one 
microsecond (i.e., a frequency of 1 MHz). Stated in another form, the envelope can be 
adjusted at a frequency of about 1 MHz where the second input signal is the data and 
carrier signals being transmitted and can be several gigahertz (GHz) such as about 2.4 
GHz or even higher. 

[54] The second input 117 can control or select an amplitude of the PA output 
power. A power level of 1 and -1 represents the desired output power level. The 
power is proportional to the amplitude of the signal output from the PA. When the 
amplitude is 0, no power is output to the antenna. When the amplitude is partially to 1 
(or -1, i.e., between time tO and time tl), only a portion of the possible power is 
applied to the antenna. The rate of rise of the amplitude PA output power can be 
controlled. Further, discrete stopping points along the envelope can also be controlled. 
As a result, for any specified period of time, a selected portion of the output power 
capability can be output. This can be very useful if two transceivers are very close and 
the full output power is not required to communicate between the two transceivers. 
This system allows controlling the envelope in a way that does not consume excess 
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power. Further, the described system does not significantly change the existing 
topology. An additional advantage is that a more efficient choice of transistors can be 
used than if only had one transistor was in the circuit. 

[55] Figure 1 1 is a schematic of a two transistor power amplifier circuit 1 100, in 
accordance with one embodiment of the present invention. The power control block 
120 applies an input signal to the gate of the second transistor 116. The shape of the 
increase from zero to the desired power output is called a ramp or ramp shape. Figure 
12 shows three ramp shapes, in accordance with one embodiment of the present 
invention. The ramp shapes are a linear ramp 1202, a step ramp 1204, and an 
exponential ramp 1206. The linear ramp 1202 has two sharp transition points 1210A 
and 1210B. When an amplitude of a signal changes rapidly (i.e., at the sharp transition 
points 1210A, 1210B), undesirable harmonics can be generated. The step ramp 1204 
has many sharp transition points 1220A-H and therefore can generate many 
undesirable harmonics. 

[56] The exponential ramp 1206 has a relatively smooth shape (i.e., without any 
sharp transition points) and therefore will cause few if any undesirable harmonics to be 
generated. However, the exponential ramp 1206 can ramp up too quickly for a first 
portion (i.e., between time tO and time tl) and ramp up too slowly as the amplitude 
approaches the desired amplitude level (i.e., between time tl and time t2). As result 
the total transition time from minimum amplitude to the desired amplitude (i.e., from 
time tO to time t2) can be excessively long, 

[57] Figure 13 shows a combination ramp signal 1300, in accordance with one 
embodiment of present invention. The combination ramp signal 1300 combines the 
best of the ramp shapes 1202, 1204 and 1206. In one embodiment, the second 
transistor allows multiple steps (e.g., three steps). However, in place of the 
undesirable sharp edgesl220B, 1220D, 1220F, 1220H, an exponential curve is inserted 
on each step. It should be understood that more than three steps could also be used. 
By way of example four, five, six, eight, sixteen or even thirty-two steps or more could 
be used. In one embodiment, each step is a fixed change in amplitude (e.g., 2 db) such 
that the signal could be stepped from zero to a maximum signal level (e.g., +30db) in 
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defined stepped increases. It should be understood that each step could also be a 
different change in amplitude and/or a different duration in time. 

[58] The combination ramp signal 1300 provides a rapid overall rate of rise to adjust 
the output power signal from a minimum level to a maximum desired level within a 
desired timeframe (i.e., between time t3 and time t3.1 as described above in Figure 9) 
while substantially eliminating harmonics. As result, any undesirable harmonic energy 
out of the antenna is minimized. By way of example, Bluetooth is often used as a data 
link between two devices (e.g., a PDA and a desktop computer). Because the 
Bluetooth link is a data link, it is important that each Bluetooth transceiver generate an 
output signal at the required amplitude very quickly so as to not violate Bluetooth 
timing requirements or otherwise unduly delay the data transfer. 

[59] Additionally, the rate is appropriate (i.e., more constant). When the curve of a 
given amplifier's output is measured in relation to the gate, the resultant transfer 
function curve is a characteristic of the device. The transfer function curve is not 
linear and if an efficient circuit is needed, the shape of the transfer function curve must 
be adapted. Figure 14 shows a transfer function curve 1400 of a selected transistor, in 
accordance with one embodiment of the present invention. The transfer function curve 
1400 is a graph of the relationship of P ou t and P gate of transistor 1 16. Because the 
transfer function curve 1400 is not linear, it can be difficult to traverse the transfer 
function curve 1400 in three equal steps. 

[60] The transfer function curve 1400 is shown divided into three, uneven steps. A 
first step 1402, between time tO and time tl, the transfer function curve 1400 rises in 
amplitude a first one-third of the desired amplitude (represented by a "1"). A second 
step 1404, between time tl and time t2, the transfer function curve 1400 rises in 
amplitude a second one-third of the desired amplitude. A third step 1406, between 
time t2 and time t3, the transfer function curve 1400 rises in amplitude a third one- 
third of the desired amplitude. The duration of each of the steps 1402-1406 are 
different. 
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[61] To increase predictability and linearity of the PA output power ramping, the 
transfer function curve 1400 can be divided into more segments in time (i.e., increase 
the resolution in time). Dividing the transfer function curve 1400 into more time 
segments can allow the resulting ramp shape to more closely approximate desire ramp 
shape such as shown in Figure 13 above. Adding a time constant to limit the rate at 
which the steps can be taken can also aid in optimizing the ramp shape. In other 
words, to add flexibility in the circuit, both the duration of each step in the ramp and 
the height of each step can be adjusted based on the shape transfer function curve. 

[62] Controlling the duration and the height of each step in the ramp can be 
accomplished with a digital control to the PA amplifier circuit. The digital control can 
also add programmability into the circuit. Figure 15 shows a schematic of the power 
control block 120, in accordance with one embodiment of the present invention. The 
power control block 120 includes a digitally controlled variable source 1502. The 
digitally controlled variable source 1502 can include a variable current source or a 
variable voltage source or a combination thereof. The digitally controlled variable 
source 1502 can include a digital-to-analog converter (DAC) that can receive a digital 
control word on the digital control line 1504. The DAC can convert the digital control 
word to an analog current level or voltage level such as in a finite number of steps 
from a minimum current to a maximum current. 

[63] The power control block 120 also includes a series RC network 1506 formed 
by resistor 1508 A and capacitor 1508B. The RC network 1506 provides a time 
constant that can limit the rate of change in each step that the digitally controlled 
variable current source 1502 outputs. 

[64] Figure 16 is a graph of a control voltage curve 1600 output from the power 
control block 120, in accordance with one embodiment of the present invention. The 
control voltage curve 1600 is shown compared to the transfer function curve 1400. 
While the voltage curve 1600 is substantially similar to a follows the transfer function 
curve 1400, the voltage curve 1600 has somewhat smooth steps 1602-1606 that also 
approximate the desired curved steps described in Figure 13 above. 
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[65] Each of the steps 1602-1604 are limited by the time constant so that the curve 
of each step does not occur too quickly. Further, each of the steps 1602-1604 has 
approximately the same exponential curve. By way of example, an initial control 
voltage output from the power control circuit 120 initiates the first step 1602. The first 
step has the desired curved shape due in part to the RC time constant. When the first 
step 1602 achieves the desired portion of the desired voltage level (i.e., 1/3 of the 
desired voltage level), a second voltage can be output from the power control circuit 
120. The second voltage initiates the second step 1604. When the second step 1604 
achieves the desired portion of the desired voltage level (i.e., 2/3 of the desired voltage 
level), a third voltage can be output from the power control circuit 120. The third 
voltage initiates the third step 1606. The third step 1606 can implement a larger 
voltage but over a longer period of time. It should be understood that three steps are 
shown as a simplified example and that more than three steps could be included such 
as sixteen or even thirty-two steps. 

[66] These programmable parameters can be achieved by taking the current through 
the resistor 125, which results in a specific voltage. The desired specific exponential 
shape can be implemented by adding a capacitor 126 to the circuit. The resulting 
exponential shape of the curve of each step 1602-1606 is a function of the values of the 
resistor 1508 A and the capacitor 1508B. A fixed resistor value and a fixed capacitor 
value can be selected to determine the tau (x) (i.e., the product of R and C). x provides 
the exponential shape of the curve. RC=x can describe how quickly the exponential 
rises. 

[67] One embodiment of the present invention takes a current into a DAC (digital to 
analog converter) to put voltage steps on a certain node with programmable time and 
amplitude. In one embodiment, the DAC can receive a digital signal and produce a 
corresponding analog output. By way of example, if the DAC receives a 5-bit digital 
control word signal then the DAC could produce any of thirty-two different steps. 
Similarly, with a 6-bit digital control word signal then the DAC could produce any of 
sixty-four different steps. 
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[68] In addition, a fixed time constant can be used for control along with those 
components. In one embodiment, the time constant control can be fixed, alternatively 
the time constant control can be variable if one or both of the resistor 1508 A and 
capacitor 1508B are variable. Making the time constant control 
programmable/variable, could yet add another aspect of adjustability and control into 
the circuit. 

[69] Several significant advantages can be achieved. By way of example 
simultaneous time and amplitude control can be achieved. A relatively large range in 
power output is provided. Further very fine resolution can also be achieved. These 
controls provide the ability to optimize the circuit flow, increase the power control 
range and increase circuit efficiency. The output power transfer from the amplifier to 
the antenna output can also be optimized. Maximum power transfer is achieved while 
reducing unwanted harmonics. This allows for easy implementation of power control 
over a specific power range and within a certain resolution (maximum step size). 
Power consumption is kept as low as possible while the circuitry is as efficient as 
possible. An exact shape and speed at the start of a transmission can be achieved and 
no attenuator is needed before the antenna. 

[70] As used herein in connection with the description of the invention, the term 
"about" means +/- 10%. By way of example, the phrase "about 16" indicates a range of 
between 14 and 18. Although the foregoing invention has been described in some 
detail for purposes of clarity of understanding, it will be apparent that certain changes 
and modifications may be practiced within the scope of the appended claims. 
Accordingly, the present embodiments are to be considered as illustrative and not 
restrictive, and the invention is not to be limited to the details given herein, but may be 
modified within the scope and equivalents of the described herein. 

[71] Any of the operations described herein that form part of the invention are 
useful machine operations. The invention also relates to a device or an apparatus for 
performing these operations. The apparatus may be specially constructed for the 
required purposes, or it may be a general-purpose computer selectively activated or 
configured by a computer program stored in the computer. In particular, various 
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general-purpose machines may be used with computer programs written in accordance 
with the teachings herein, or it may be more convenient to construct a more specialized 
apparatus to perform the required operations. 

[72] The invention can also be embodied as computer readable code on a computer 
readable medium. The computer readable medium is any data storage device that can 
store data, which can thereafter be read by a computer system. Examples of the 
computer readable medium include hard drives, network attached storage (NAS), read- 
only memory, random-access memory, CD-ROMs, CD-Rs, CD-RWs, magnetic tapes, 
and other optical and non-optical data storage devices. The computer readable 
medium can also be distributed over a network coupled computer systems so that the 
computer readable code is stored and executed in a distributed fashion. 

[73] It will be further appreciated that the instructions represented by the operations 
in the above figures are not required to be performed in the order illustrated, and that 
all the processing represented by the operations may not be necessary to practice the 
invention. Further, the processes described in any of the above figures can also be 
implemented in software stored in any one of or combinations of the RAM, the ROM, 
or the hard disk drive. 

[74] Although the foregoing invention has been described in some detail for 
purposes of clarity of understanding, it will be apparent that certain changes and 
modifications may be practiced within the scope of the appended claims. Accordingly, 
the present embodiments are to be considered as illustrative and not restrictive, and the 
invention is not to be limited to the details given herein, but may be modified within 
the scope and equivalents of the appended claims. 
What is claimed is: 



